



































NmCFréf réêìCFòF[]gjEV_Ceg\g\rïsECZYmrécef(r_f êìC`r_f Y\rXg\g\Jk[]gjCFf4M(êÔréõQYmJkNm[]g]@
 Gk[fÖC.EV_Ceg\g\réïLEC`Y\r_cFf











ËﬃsÍ! LÛ=×nàeÓã ÓãûÒÏÓqÕÛ~ÑeÛ=×eÜ(ÛÜS×eÕF×eÝÒÕAÑLÝ×ﬂ"sÒm×eÝ%ÕZÓÚLÝÚSã ÚLÜûàeßÚLÕF×ûÜS×QßÑsÒ\×eÕÙÒ\Ú















































































































































































































êceN\[Ä[èFceVéèe[]M êÔ[YmGkcOMkg"g\J4EHGûCeg 2êréõOréf4òþækNmcFæscFN\Y\r_cFf4gC`Nm[ì[ QJ4C`V_V_ë CFVér_øF[ﬃr_fûU,0
èFcnõO[VXgNm[]g\JkVYmréf4òréfﬃCMO[f4g\réYë"íJ4f4EhYmrécef=@Q÷*[]E[]fQY\V_ëFRFcFY\Gk[]N,êÔ[YmGkcOMkg,Y\G4C`YKEcef4grXMO[]NWY\G4[
êréõOréf4ò$ækN\ceæLceNYmrécef4gEHG4CFfkòFr_fkò$CFE]EcFNHMOr_fkòTY\cC$?(÷ (Nm[]E[]réèe[]MÔC`fÔr_f4ENm[]Cegr_fkòréfQYm[Nm[]gY
 ﬁﬂ@%r_f4C`V_VéëeR~fkcFfkpæ4CFNmCFêÔ[Y\NmrXEYm[]EHGkfkrQJk[]g$E]C`f ó [ﬃEcFf4g\r_Mk[Nm[]M(ç!G4[fÖfkc	CFgmgJ4êækY\r_cFf











iDGk[ceN\ë ó [Gkr_f4MèFcnõO[Vsr_feYm[f4g\réY\r_[]g2r_gKYmGk[$g\CFê[jCFgKYmGk[jcFfk[J4g\[]M ó ëÄbOCFfQYmC`òec[Y!CFV@dr_f
 @ZåqfC`fr_MO[SC`VOECeg[eRncFfkV_ëjY\GkNm[[DêìC`r_f"Y\rXg\g\Jk[]g%G4Cnèe[,Ymc ó [!Ecef4grXMO[]N\[SM
	FIDb&2R 'j? CFf4M

Ð?Ù@FB2JOY ó []ECFJ4g\[2cFíLYmGk[Dï4fkréY\[!Nm[]g\cFV_JOYmrécef"cFísC`fì?(÷ r_êìC`òF[2YmGk[!çK[]VéVépøQf4cZç!fæ4CFNYmr_CFV
èFcFV_JkêÔ[2[î[]EhY!ð®U,0Ta2ñCFækæL[SC`NHg@0cnõO[Vdr_feYm[f4g\réYëﬃðkñrXgêÔcOMO[]Vé[SMCFgYmGk[Kç2[r_òFGQYm[]Mg\Jkê
c`ír_fQY\[fLgréY\r_[]gDcFí=Y\Gk[Ymr_gmgJ4[]g2ækNm[]g\[fQY2r_f.Y\Gk[jèFcnõO[]VLèecFV_JkêÔ[FRdækV_J4gDC`fÄ[]N\NmcFNKY\[]N\êﬀ@dåY!r_g
























































































































 Y  
 [ﬀE]C`f c
ó













































ση = 1 
ση = 5 
ση = 20 
ση = 10 
I
a
 = 40 Ib = 60 











ση = 1 
I
a
 = 40 Ib = 120 
ση = 10 ση = 20 
ση = 80 




























çK[jG4Cnèe[TYmcï4f4M.Y\Gk[g\[Y*cFíæ4CFNmCFêÔ[Y\[]NmgKYmG4CZYg\cFV_èF[Sg,YmGk[$êÔréf4réêÔr_l]CZYmrécefﬀækN\c ó V_[ê 	




















íceNﬁ # %'&)('* ,+-. 0/1-. 2&3+4 0&5/6 +/68 ð
j
ñ
























































































































































































































































ó [g\æL[SEréï4[]MﬀCFf4MÄcefkV_ëÄækJkNm['jC`J4gmg\r_CFfMOrXgY\Nmr ó JkY\r_cFf4g!CFN\[$Ecef4g\r_MO[]N\[SM~@
 '






% 3 ﬂ #


















c`YmG IDb& ? 'j? CFf4M 'j?.?
Ð? æ4CFNYmr_CFV*èFceVéJkêÔ[SgÄC`Nm[(êÔcOMO[V_[]M
ó
ë Y\G4[ U 0a




r_gJ4g[SM Y\cﬀï4fLM Y\Gk[ﬃêÔréõdY\JkNm[ﬃæ4CFNmCFê[Y\[]Nmg$CegMO[ïLfk[]MÖr_f (O@iDG4[
òF[f4[Y\rXEﬃCFVéòecFNmrYmGkê J4g\[]MÖGk[]N\[ìrXg$YmGk[ÄgmC`êÔ[ìækNm[]g\[fQY\[SM réf éö@+'[f4[]gCFN\[ﬃEcFêÔæsceg\[]M
ó












































GkrXMkMO[]f ?(CFN\øecZèﬃNmCFf4MOceê:ï4[]V_Mûð ?þ÷ ñ*êÔcOMO[V ﬁr_gTJ4g\[]MﬀYmcﬃréêÔækNmcZèF[Y\Gk[EVXCFgp
gréïLEC`Y\r_cFf
ó
ë JLgr_fkòAg\æ4CZYmr_CFVr_fOícFNmêìCZY\r_cFf@,iDGk[(r_êÔæLceNYHC`f4E[	c`íjY\Gk[ ?(÷  êÔcOMO[V





































G®ñ(C`f4M +~ð;:DAB> G®ñrXgﬀY\Gk[ÙòeJ4CFgmg\r_CFf MO[]f4gréYëÐíJ4f4EhYmrécef=@TiDGkrXgﬀYëdæs[
c`íﬀ?(÷ :r_g(c`íY\[]f N\[í[NmN\[SM Y\cÐCegY\Gk[FE
!$GIHJH'ﬃ!$K)IﬃLL@ﬀNMO!P&RQ%PST&R!$ﬁL@%$*3UVW#XL
ð(' ?þ÷ ñÔêÔcdMk[V@ *cFY\[ﬀY\GLCZYìï4fkréY\[	êÔréõdY\JkNm[Að ?þñêÔcOMO[VXgìrXgìCÖæ4C`N\Y\rXEJ4V_CFNÔE]CFg\[




















































ðB 8 : K ñ
 Aðöeñ

























J\ñEC`VXEJ4V_C`Y\r_cFfr_fdèFceVéèe[]gY\Gk[![SgYmréêìCZYmrécef"cFísEV_Ceg\g%VXC ó [VXgRZç!GkrXEHGÔC`Nm[Kc ó YmCFréfk[SM
Y\GkNmcFJkòeG	?(÷ p?
 
UÐ[SgYmréêìC`Y\r_cFf=@s?	[]CFf4gR4ènCFN\rXC`fLE[]gC`f4MﬀVXC ó [VêÔCFæ	[]gY\r_êìCZY\r_cFf ó ë
























pqg\rYm[  ?!ækNmcZèdr_MO[Sg"g\[èe[NHC`V2gr_êJkVXCZYm[]M ?(÷!å"CeE QJkrXgréY\r_cFfLg

































































U 0 rXg!í®CFV_g\[r_f	YmGkr_gECeg[Sgðg[][ %réòL@)4ð
ó
ñ\ñh@iDGk["g\[òeê[]fQYmCZYmrécef	N\[SgJ4VYHg*c`íWêÔ[Y\GkcOM(B

































































 W# ﬃﬀG7 7%Pﬂ W ﬂﬃ!$# H



















































Ç}z]vxyZE@ QvxSw}z]Æ qHw]Æ$HyZzvxSy ŁÇ
H
\  M" qHw"
Æ$my`zvxSy eqvxyQw
?
 /Ðz]yQ 1 DzQqqvz]y Ł &
?
 & / zyd & 1`}HqÅOHmvxÈnH{Q\$ M" &
qmwSÆ$HyZzvx]yﬀŁÇ\Qz]yd ﬀ KﬀqHwSÆ$my`zvxSyﬀŁ <





Y\r_cFfﬀícFN  fkcFrXg\[Sñh@ *cZç2[èe[NSRdY\GkrXg!ï4VéY\[]N\r_fkòﬃGLCnèF[$fkcÄg\cìêJLEHG	réêÔæ4CeEhYcef	réfQY\[]f4g\rYë
fkcFfOpJkfkréícFNmêÔrYmré[Sg@






































































Æz]wS H WÆ wSÆ wSÆ "WÆ H "®w]Æ
Ç











?-G.9 %)6 F - G
5 yQSvxqSQyQ NQ{m}h


























 ) G# +-+
1 yQSvxqSQyQ NQ{m}h 5
 G2) )
/






 ? 4D. + ). D
Ç 5 yQSvxqS(Nd{m}h 5

5
G )?. G )
1
 ? )?. F 4F. D
D
 yQSvxqSQyQ NQ{m}h






























































   
Q!ÅOm}Hmy`zwSH,]sQDÈn]{xQÆ$H~Q!Fvk\}HyZvqqeDFÅOH

J4g[SM ícFNìYmGkr_gÄC`ækækV_rXECZYmrécef G4CnèF[
ó
[[f ækNm[]g\[fQYm[]M~@
 
VéV*Y\[]gYmgÄG4CnèF[
ó
[[]f MkcFfk[	r_f C
òFNmcFJkf4M"YmN\JOYmGﬃr_êÔCFòF[EcFf4g\rXMO[Nmréf4òMOrî[Nm[fQY,f4cFrXg[CFf4Mìr_fQY\[fLgréYë"f4cFfOpJkfkréícFNmêÔrYë"Vé[]èep
[VXg@
 
VXg\cÄYmGk["[îs[SEhY$c`í2C`f CFfkrXgcFY\NmcFækrXE$ï4VéY\[]NjG4CFg
ó
[][fÖC`VXgcEcef4grXMO[]N\[SM	ç!Gk[fÖEceêp
æ4C`Nmréf4ò
ó
[Yç2[[]fûï4VéY\[]N\[SM CFf4M fkc`YÔï4VéY\[]N\[SMûr_êìC`òF[Sg@÷![SgJ4VYHgÔG4CnèF[ﬀgG4cZç!fAY\GLCZYìY\G4[
Y\[]EHG4fkrQJk[SgWEcef4g\r_MO[]N\r_fkòjgæLCZY\rXC`VOr_fOíceN\êìCZYmrécef"V_[]CeMréf
ó
[YYm[NWNm[]g\JkVéYmgç!Gk[]fÔGkréòeGÔfkcFrXgë
réêìC`òe[]gCFN\[ìEcFf4g\r_Mk[Nm[]MÖC`f4M YmG4CZYY\Gk[ÄCFækækV_r_E]CZYmrécef cFíDCFfAC`fkrXg\c`Y\NmcFæ4r_E"ï4VéY\[]NVé[SCFMÖr_f
ó
[YY\[]N.CÙEV_Ceg\g\rïsECZYmrécef=@ *cZç2[èe[NSRrYÄGLCFg
ó
[[]f CFV_g\cAMO[]êcef4gY\NHCZY\[SMAYmG4CZY.réf cFY\Gk[]N
ECFg\[]gDG4r_gY\ceòFNHC`êp
ó
CFg\[]MÔYm[]EHGkfkrQJk[]gDV_[]CeMﬃYmcﬃEceêæLC`NHC
ó
V_[TNm[]g\JkVéYmg]@
 
	

u`\F}Zmm}h]|

m~z]{
9
,-@eQsÅdz}zÆ$mm}~mvÆzvxSydvxyZHyQqv*evxq}v9@QFv]yQ_]}!@e}zvxy
ÆzwSyQ\v}HqSyQz]yeH%vxÆz]w]H

Ä4}z]yQzmvxSye~Sy hevxhz{FÆz]w]HvxyQw

Ł
ED-D-F


5
)
3
EF-G
)6
,dzyLWu

 Lnz]w]wSv <

2eS=L

WÇ{hZ\h L
9
Ç}z]vxyÙvxqqQÄH{z]qqvONdhzvxSy Æz]wSyemvx
}Hq]ydzyQH"vÆzwSHQqvxyewÄÅQz}qvz]{ÈSS{xQÆ$$Æ$`FH{xvyew

 L}z]yez]mvx]yQj]yHevxhz]{
Æz]wSvxyew

	   
Ł
),+-++


5
)
3
EF-G
?.
uFz]yZz]w]ee|

 Dz]wS](ﬀ

Ã
9
Qz]yZvONdhzv]y]LÆj}>@e}zvxyvxÆzwSH>@Z$Æ$vO `e}WFHyQqvz]yQ
ÅQz}qvz]{LÈnS{xQÆ$KÆ$`eH{xvxyQw

 L}z]ye

hFvxhz]{LÆz]w]vxyQw
  
Ł
ED-D-?
 1
G-G
3#1-5%/
/

dzyQwe4

hm~z{

uFHw]Æ$HyZzvxSy*](@e}zvxyÆj}LvxÆz]w]Hse}]Qw]*z,evéeeHy!Æz}ﬃnÈK}zyde]Æ
NQH{AÆ$`FH{DzydÖQﬃ FÅOH\zvxSy#"Æz% FvÆ$vxhzvxSyAz]{xw]]}vQÆ

 4}z]yQ

Hevxhz]{
Æz]wSvxyew
 
Ł
)++#
=/61E3#15
1



uF]{ézydzH.'

Ã
dzHZ.K

<

FQv}z]y4#L

|

,H{zvxÈnKz]yQzSÆ$vxhz{O{xZhzvxSyX}zvxvxhz{
yeSy("®ÅQz}z]Æ$\q}v@e}zvyvxqqQH{zqqv9NQhzvx]y$vyTÆj}~vxÆz]w]H

|=}Z

]QQ=5h$<%|(Ł
)+-+.

G.
Ç%vx{xÆ$HHL

&
9
& wSmy`{x!e}vz]{s=Q!HÆ z]{xw]]}vQÆz]yQv2zÅQÅQ{xvxhzv]yì$Ådz}zÆ$"
m}DHvxÆzvxSyﬃX}*wnz]eqqvz]yÆ$vO `e}Tz]yQìQvQFHyﬃÆz}ﬃnÈÔÆ$`FH{x

sHQyQvxhz{}HÅO]}qh
y`\}ydzvx]ydz]{8<%SÆ$Åeem}Ku`HvxHyQm!yQvFSeÇ%m}ﬃnH{xm <z]{xvX}yQvzìŁ
4DD-F

5

%<%]yQH{x{
 H
]}{
H
véF
H
E@4F`qÅ
 J-J


@ev

Æ$yev

Æ$mwSvx{x{

hz
J
@F}z]vxyZE@
J
Ł
ED-D-F

